There is a seasonal cycle of sexual activity for all species of birds. It is more or less pronounced according to the species, and it is primarily controlled by the external factor of light, the daily duration and intensity of which vary during -the year, the minimum amount of light being present on December 21, while the maximum is reached on June 21 in the northern hemisphere.
Rowan54 was the first to demonstrate in a scientific manner that the artificial light of electric bulbs stimulated the gonads in the junco. He thought that the light acted indirectly, increasing muscular activity and metabolism, which secondarily stimulated the gonads. 55 Bissonnette"' 23, 24 first demonstrated in the starling "that it is light per se, and not muscular exercise, which when increasing causes the progressive changes in the testes. . .,,2' This fact was confirmed by several authors for the fowl, 40 51, 38, 58 sparrow,41 59' 39 mourning-dove, 33 Zosterops,47 pheasant and quail,29 blue-jay,28 and duck. 5' 6 Working with the starling, Bissonnette showed that lights of different wave-lengths stimulate the testes to varying degrees; red and white lights stimulate25 while green light,25' 26. 27 and perhaps also violet light do not.27 In the immature duck, when equal quantities of radiant energy are given, the growth of the testes is very marked with red light, less pronounced with yellow-green light, and scarcely observalble with green and blue lights.'2 A preliminary report of the effects of lights of different colors was published earlier. 2" The completed experiments will be presented in this paper.
In the turkey no stimulation was caused by blue and blue-green lights, according to Scott and Payne.56 In the sparrow, Ringoen52
noted that "red light is vastly more effective than green." In the starling, Burger3" found that blue-green may promote some sexual stimulation and that "only wave-lengths of approximately 0.58 and 0.68M were able to stimulate the starling to produce sperm. Other wave-lengths were not capable of producing progressive testicular activity."
In mammals, red and yellow lights promote, while green and blue rays delay sexual maturity in the mouse (Barbanti3). Marshall and Bowden45 state, "The recurrence of cestrus, in the female ferret, is greatly accelerated by irradiation with light of various wavelengths. Heat rays and the near infra-red (A 7500) are comparatively inactive. The effect begins with the red radiation (A 6500) and extends throughout the visible to the near ultraviolet (A 3650). Over this range of the spectrum, intensity appears to be more important than wave-length.
It must be said that the investigators mentioned above used either very few different radiations, an insufficient number of monochromatic filters, or very different radiant energies. Under these conditions it is hardly possible to compare the results reported.
In the Sloane Physics Laboratory and in the Department of Anatomy of the Yale University School of Medicine we performed an experiment which was intended to obviate these criticisms to the greatest possible extent, but it was not possible, as will be shown, to do this entirely. We also tried to study further the problem of the action of rays of different wave-lengths, and we attempted to find some physical and physiological basis for the action.
Action of radiations of different wave-lengths of equal radiant energy directed upon the head of the duck Material and experitnenta1 technic For our experiments we used ducks that were as uniform as possible; all were immature males, between 4 and 5 months old, and of the Pekin breed. The change in the surface area of the silhouette of the left testis was ascertained by comparing measurements made at the beginning (Sa) and at the end (Sw) of the experiment. These values were obtained by measuring the length and breadth directly and by determining the area of a silhouette made upon graph paper or a photograph (x 1 ) with the aid of a planimeter. The ratio Sw/Sa is the only good test of the real testicular hypertrophy during the experiment. Its value is not lessened by the factor of individual variation, since the latter is not important when birds of the same race and age are selected and experimented upon during the same period of the year. or iby the Electrical Testing Laboratories of New York. The curves of density are shown in Fig. 1 . Seven different regions of the spectrum were thus selected: violet-blue,* green, yellow, orange-red, red, extreme red, and infra-red.
As the radiant energies transmitted by these filters were different, a thermopile was used to determine at what distances the ducks had to be placed from the lantern with the different filters, so that they might receive exactly the same quantity of radiant energy. All of this was done because it was necessary to estaeblish all conditions of the experiment so that a single factor, the wave-length, should be the only variable. The thermopile used was an antimony-bismuth multiple junction instrument having a receptive surface measuring 1.5 x 12.5 mm. To determine the distances from the source of illumination at which the energy density was the same for different filters, and corresponding to 54 foot-candles (580 lux, 580 milliphots), the thermopile was connected to a sensitive galvanometer and, using a standard 32 candle-power lamp in the lantern, the pile was moved until a galvanometer reading corresponding to this illumination was obtained. This operation was also performed from time to time in the room where the ducks were under experiment in order to check the constancy of the illumination.
In order that the different distances remain unchanged during the illumination, the ducks were restrained and their heads were immobilized with the beaks bound. Thus fixed, the birds were oriented towards the flood of light so that the rays entered the head, particularly the ocular region, obliquely from slightly above and in front of them (Fig. 4, left) . Under these conditions the light should reach its maximum at the eyeball and, behind it, the deeper receptors near the hypophysis and the hypophysis itself.
Management of the experiment We first intended to apply each of the 7 colored lights to a pair of ducks. Unfortunately, only 11 of the 14 birds survived the whole experiment. These 11 ducks, and two controls, had been placed during the autumn of 1936 for from 3 to 6 weeks before the experiment in a darkened room very dimly lit by a blue electric lamp of low wattage enclosed in a metal lantern having a window made of two "signal-blue" Corning filters, No. 556, having a total thickness of 10 mm.
Each duck was exposed, every third day, to colored lights for ten periods, alternately, of 8 and 15 hours duration. They were thus exposed for a total of about 114 hours. Lighting was given in a special dark-room, and two ducks were exposed simultaneously, on opposite sides of the lantern, after black paper had been placed around the lantern and the ducks to prevent the latter from receiving reflected light and the heat of the lantern. The *The filter "signal-blue" No. 556 of Corning is really blue to the eye, but it allows blue, violet, and a few ultraviolet rays (cf. Fig. 1 ) to pass through. lantern was operated continuously for nearly 3 months. The 300-watt bulb was changed twice so that the light remained as nearly as possible at the same intensity during the entire experiment. It is proba-ble that there were small variations in the light intensity, due to the "ageing" of the bulb or to variations in the electric current, but the total radiation was equal for all of the birds during the 10 periods of lighting which each received.
One duck was experimented upon from Feb. 4, 1936 Results Table I and curve Cl of Fig. 1 show the variations in testicular surface (silhouette) plotted against wave-length. As some spectral bands are still large, it is difficult to determine where abscissa values of the "surface variation" (Sw/Saz) should be located. For the infra-red filter screen 254, we located the point at 1200 m,u., because the living tissues transmit very few radiations above 1400 m,i. The values of Swo/Sa for the filters ER and Ra are respectively low and high and indicate that Ra allows very active wave-lengths to pass through the part of its transmission spectrum at wave-lengths shorter than 720 mV.. Through filter ER pass radiations which are much less active and must be located in the shorter wave-lengths transmitted, since the longer wave-lengths are common to both filters, ER and IR 254; the light transmitted by the latter filter was totally inactive. The abscissa values of Sa/Sa. of the screens ER and Ra were established according to these considerations. Despite the precautions taken to ensure the use of equal quantities of radiant energy, certain lights have been active in only a part of the wave-lengths which came through the corresponding filters. More precise results should be obtained with lights as monochromatic as possible.
In spite of this limitation, the results obtained seem sufficient to give us an idea of the phenomena. They show us that the effect of different radiations is really dependent on the wave-length.
Very poor in violet-blue (table 3) . In spite of the lack of precision in this experiment (the glasses often got dirty and reduced the light transmitted, and sometimes they fell down and permitted white light to penetrate the eyes for several hours) it is worth noting that the results in general are about the same as those reported above, although the latter were better established scientifically. That the testes of the ducks bearing blue glasses evidenced growth, can be explained by the occa- 
Histology of the testes
In the last two columns of table 1, data are presented on the structure of the tubules of the testis in 7 birds upon which we experimented. Sperm had formed in birds subjected to green, yellow, and red lights. It is evident that the testes of the ducks that received orange-red light contained sperm also, and it is possible, because of the large dimensions and weight of the testes of duck 820, that extreme red light stimulated complete spermatogenesis.
Furthermore, the diameters of the seminiferous tubules of ducks 800 and 789 (yellow and red) reached maximum size and measured between 175 and 300iu. Two control ducks that had completely developed testes, had tubules measuring from 175 to 300 and from 175 to 275M. The relative weights of the testes (related to body weight) were 1:57 and 1:35 in the two ducks exposed to yellow and to red lights, as compared to 1:29 and 1:19 in the two controls. One may conclude that during testicular growth, the diameters of the seminiferous tubules attain a maximum before the weight of the testis has reached its maximum. That is, the testis goes on growing exclusively by means of the increase in length of the tubules. This fact has already been pointed out in relation to compensatory hypertrophy of the testis in ducks and cocks (Benoit4).
Study of the action of different wave-lengths on the mechanisms of photostimalation of the hypophysis. RoAles of the sensitivities of these mechanisms and of the different penetrating powers of the radiations through the tissuses To explain curve Cl of Fig. 1 it will be necessary to give some precise information concerning the photoreceptive organs involved, and to recall some facts previously established for the duck (Benoit"2 13, 14, 17) .
Path of the radiations and photoreceptors involved in gonad stimulation The anterior lobe of the hypophysis is the essential organ for gonad-stimulation by light. The removal of this gland induces an immediate, rapid, and maximal decrease in the size of the testes, despite the continuation of the lighting.16 The implantation of the anterior hypophyses of ducks which have been illuminated into immature female mice stimulated their genital tract and gives evidence that these glands have been strongly activated by light. 8 Light stimulates the hypophysis through the eye19 and also by a direct excitation of deeply situated nervous centers, or by stimulating the hypophysis directly after penetration of the overlying tissues.2' 16, 18 As a matter of fact, neither section of the two optic nerves10 nor the removal of the two eyeballs11 decreases the response to intense light to a great extent. After these operations, the testicular growth caused by light is comparable to that in the controls upon which no operations have been performed. Furthermore, the direct illumination, precisely localized with a very narrow light beam (0.8 mm. in diameter) on certain parts of the encephalon (hypothalamus, rhinencephalon20) greatly stimulates the activity of the anterior hypophysis and the growth of the testes.*
The direct illumination of the hypophysis by transmitting the light through a narrow tube or a quartz rod stimulates this gland and the growth of the testes to a high degree.12 15 situated close to the glandular cells and receiving light laterally or by diffusion?* The stimulating action of light probably incites the anterior hypophysis through more or less deeply located encephalic nervous elements,-retinal elements (ophthalmoencephalon) and, more properly speaking, encephalic elements (hypothalamic and rhinencephalic). The first ones are photoreceptive in the highest sense of the word. As for the second ones, they have been demonstrated to have photoreceptive properties. In this paper we merely wish to note these mysterious properties and we recognize two mechanisms which light may stimulate, (1) a mechanism of oculo-hypophyseal photostimulation, and (2) a mechanism, located more deeply, of encephalo-hypophyseal photostimulation.
Mechanism of oculo-hypophyseal photostimulation It is quite difficult to study the first mechanism alone and to determine its part in the total response. In reality it is nearly impossible to illuminate the retina exclusively and to avoid the further penetration and diffusion of the light toward the encephalon and hypophysis. It is possible that, in the part retinal illumination plays in the whole process, the oculo-hypophyseal mechanism involves the physiological retinal properties of perception of colored lights and probably responds similarly to the visual phenomenon itself. The curve Cl (Fig. 1) Collin34' 35) erties of the retina which are involved in the colored vision. Despite the absence of visual purple in the rod cells of the day-birds, it is believed that their visual cells contain another sensitizing substance which makes it possible to explain their crepuscular vision and their particular sensibility to orange in this case (Magitot44). The curve Cl should correspond to the curve of the retinal sensitivity, and one can consider that the right slope of Cl expresses the sensitivity of the oculo-hypophyseal mechanism towards visible radiations of long wave-lengths and that the left slope probably expresses both this sensitivity and (at least for the lower part of the slope) the progressive inefficiency of the short wave-length radiations, due to their progressively increased absorption by the ocular media.* Mechanisms of encephalo-hypophyseal photostimulation Concerning the deeper encephalo-hypophyseal mechanisms, let us see under what conditions they are sensitive to light falling on the head and to what extent their functioning conforms to curve Cl. The deep penetration and action of the light on the duck's head is evident in birds with severed optic nerves.'0 Two experiments confirm and make this idea more accurate: (1) A duck's head was sawed in the median sagittal plane passing through the hypophysis (Fig. 3 S) . One-half of the head was placed, the inner, sawed surface down, on a photographic plate, covered with cellophane. It was then illuminated by a 300-watt frosted lamp placed 15 cm. from the external surface of the half of the head. Two photographs were taken, one with an Agfa "Superpan" plate (26°Scheiner), panchromatic, sensitive to all visible rays and short infra-red; the second, with a "Chromo-Isolar" Agfa plate (260 Scheiner), orthochromatic, sensitive to violet, blue, green, and yellow rays, but not sensitive to red and infra-red rays. After being exposed for 10 seconds, the two plates were developed in the same basin, and are reproduced in Fig. 3 (P and 0) . Picture P demonstrates that in I 0 seconds the tissues and organs of the ocular region (eyeball, eyelid, skin, blood vessels, glands, musdes, fat, bone) allow the passage of a quantity of rays great enough to impress the plate intensively; and picture 0 shows that few short wave-length rays (violet, blue, green, and yellow) penetrated the half-head. Moreover, if we merely look directly at the inside portion of the half-head, and direct red or blue light on the other surface, we can observe that the red filter only slightly diminishes the intensity of the traversing light, whereas the blue filter obstructs it almost completely.
(2) In another experiment, begun in Strasbourg and not, yet completed, small strips of panchromatic film were introduced into a flattened glass tube which had been inserted through the right orbit and the sagittal bone partition into the left orbit of a living duck and, hence, close to the hypophysis. Many strips were placed in ducks subjected to different exposures of various colored lights, obtained from the lantern and the 300-watt bulb placed facing the left ocular region. Where there is equality of radiant energy of the lights, the periods of exposure required to darken the films to the same degree increase gradually from red to blue-violet, and are several hundred times longer for the shortest visible wave-lengths than for the longest ones.
These two experiments indicate: (a) That the tissues and organs of the ocular region of the duck's head are very pervious to red rays, but lose their permeability progressively as the wave-lengths decrease. (b) That the hypophyseal region and certain parts of the encephalon, placed like the hypophysis behind the bone wall of the orbit, can receive, under normal conditions, visible rays of long wavelengths through the "orbital window."
These facts corroborate the results of those who have studied the penetration of various tissues or organs by different wave-lengths.* * The skin, the cheek, and hemolyzed blood are very unequally penetrated by radiations of different wave-lengths.1' 2, 30, 32, 868 48, 49 Scarcely permeable to blue rays, the skin transmits some yellow rays, more red rays and still more short infra-red ones. It becomes opaque to rays of 1300 to 1400 m,u. The maximum of transparency of the skin 'is about 700 mu2' 48, 49 or 1150 m9'3, 4 5 depending on the author. They generally think that red and short infra-red rays penetrate several centimeters of different kinds of living tissues. On the contrary, the ultraviolet is rapidly absorbed by the skin. After more than 1 mm., the human skin lets pass only 1/1000 to 1/20,000 of the ultraviolet between 3130 and 3650 Angstr8m.57
It will be interesting to determine the exact curve of penetration of different wave-lengths in the duck's head. through a quartz rod, rays of different wave-lengths to the hypophyseal region and in that way almost completely removing the factor of light absorption, because the light, before reaching the hypophysis, has only to go through a bony wall some tenths of a millimeter thick, in the back part of the orbit* (Fig. 4, right) . After completely removing the orbital contents, a quartz rod 4 mm. in diameter and 40 mm. long, silvered externally and covered with black paper, was placed in the exact direction of the hypophysis which is seen behind the thin bone wall as a little pink spot, and fixed in that position with cotton. Black paper covered the head of the duck so that the light could enter only through the rod. Some experiments made with the filters IR 254, red Ra, and blue 556, and with equal quantities of radiant energy have already been published."8 Let us report their essential results:
The values of the "surface variations" are drawn in Fig. 1 When directly conducted to the hypophysis: (1) The infra-red rays did not stimulate the testes (S cases) to any greater degree than The curve C4 (Se of Fig. 1 ) represents the curve of sensitivity of the deep encephalo-hypophyseal mechanisms, since the quartz rod eliminates absorption by the tissues. It should be of great interest to establish some more points on this curve, and to determine for which wave-lengths it reaches a maximum and then disappears. Therefore, the right slope of the curve C1 belongs undeniably to this "curve of sensitivity" to the different wave-lengths. As for the left slope of C1, we see now that it belongs evidently to a "curve of absorption" of wave-lengths by the tissues and organs of the "orbital window," situated in front of the hypophysis and of the encephalic centers which are capable of stimulating this gland. This curve, comparing it with the experiments concerning skin absorption (see above), reaches a maximum in the short infra-red and probably goes down to zero towards 1300 to 1400 mu. In Fig. 1 we have drawn such a curve (the line of which is very hypothetical) with the dotted line Tr -Tr'.
On the whole, curve Cl, considered as the expression of the response of the deep encephalic mechanisms, appears to be the result of two superposed curves, the external part of one being eliminated by the corresponding part of the other.
Concerning the oculo-hypophyseal mechanism, we said above that the right side of Cl corresponds to the retinal sensitivity and the left side probably to a certain combination between this sensitivity and an absorption of light by the ocular media.
Such seems to be the interpretation which can be given concerning curve Cl for both mechanisms of light penetration-the ocular and the deep encephalic mechanisms. In both cases two factors are working: that of sensitivity to radiations, which may not be the same for the deep encephalic receptors as for the retina (the two different responses to the blue rays, according to the different mechanisms involved, are proofs of this fact) and the factor of absorption of the radiations, which evidently is also different in the two cases. The most interesting factors involved in the problem under consideration are those of the exact properties of the different receptors and particularly of the deeply situated ones. This is a very important general biological problem, the basis of which is merely outlined in this paper.
Discussion
It is interesting to compare our results with those obtained by several authors working with other species of birds and classes of animals. Concerning the birds with which we experimented, we can be concise because we have already summarized the extensive bibliography in the introduction of this paper. Except for the inhibitory action of the green",', " and violet lights27 noted by Bissonnette in the starling-an action that we did not observe in the duck, for green light exerted in this species, as in the sparrow,52 a certain gonad-stimulating influence our observations confirm and extend those of the different authors. In neither the turkey56 nor in the starling3" did the blue rays exhibit any great activity. In our experiments this activity was very slight or nil. As for the more active rays, we reported in 1942 that they were located in the orange-red part of the spectrum.2' Burger3' made the same observation in the starling.
In mammals, Marshall and Bowden45 observed a gonad-stimulating action (expressed by the acceleration of estrus in the female ferret) and state that "the effect begins with the red radiation (A 6500) and extends throughout the visible to the near ultraviolet (A 3650 These results differ from those we obtained in the duck, in which the filter Corning 556, giving blue, violet, and a small quantity of ultraviolet rays, gave little or no result. The marked action of ultraviolet upon the ferret is most interesting. But we do not know the exact limits of the transmission of the corresponding filter. The authors recorded that it transmits only 3650 A. Did the filtered radiations reach the retina of the ferret? This is possible but not yet established in this species.* We have to recall here the experiments of Koller and Rodewald42 and of Rodewald'" with the frog. After applying lights of the same intensity (0.787 lux), but of different wave-lengths, the latter author observed that the melanophorodilatator activity of the intermediate lobe of the hypophysis, which is stimulated by the illumination of the retina, and also by the direct illumination of the hypophysis, is very poor with red light, at a maximum with violet light, and increases progressively from red to violet.
It may -be that these results appear to be contradictory, but they are really not so. In the ferret and the frog, the curves recorded by the authors probably, as in the ducks, result from a conflict between the physiological property of sensitiveness of the photoreceptors and the physical property of absorption of the radiations by the tissues. We do not know exactly the curves of these properties in these three species, but it may be that their characters and combinations are able to explain the diffierences in the results.
Summary
It is recalled first of all that artificial light stimulates in the immature duck the development of the testes by means of the anterior hypophysis, which in turn is stimulated by illuminating the retina or some encephalic centers deeply located (hypothalamus, rhinencephalon) or the hypophysis itself.
Eleven immature ducks received for equal periods the same quantity of radiations of seven different wave-lengths. Judging * The human retina receives rays up to 3200 A (Leplat43).
from the increase in size of the silhouette of the left testis from the beginning to the end of the experiment, and by the weight of the testes at autopsy, testis stimulation is very slight in blue-violet, marked in green, strong in yellow, very strong in orange-red and in red, slight in extreme red, and absent in infra-red light.
When directly conducted to the hypophysis by a quartz rod, the blue-violet radiations, which show little or no activity under normal conditions, become very active, perhaps more active than the red rays transmitted in the same way. Therefore, the blue-violet radiations per se are very active on the encephalic receptors, deeply located, but they are normally stopped almost completely by the absorption of the intermediate living tissues.
The brief study of this absorption of some radiations by the tissues and organs of the "orbital window" in the duck's head seems to reveal that from blue-violet to short infra-red the transmission increases progressively.
The curve of the testicular response to light of different wavelengths may be the result of differences of sensitivity, as revealed by the quartz rod experiments, of nervous centers, photoreceptors, and stimulators of the anterior hypophysis and a curve of absorption of these radiations by the interposed tissues. The absorption factor limits more and more the photostimulation of the receptors, and consequently the testis growth, in proportion to the decrease in the wave-length of the radiation (or to the increase in the frequency).
